Introduction
============

Liquid nitrogen is used as an additive to food and beverages to cool them and create an aesthetic "smoking" effect. Ingestion of liquid nitrogen occurs infrequently, but it may create fatal damage in the gastrointestinal tract. The cause of injury can be explained by two mechanisms: cold/freezing injury upon contact with mucosal surfaces and rapid volume expansion as nitrogen gas is formed. We present the case of a 13-year-old boy who accidentally ingested liquid nitrogen and suffered serious gastrointestinal consequences.

CASE REPORT
===========

A 13-year-old boy was transferred to the emergency room shortly after falling down at an amusement park. He had eaten a snack to which liquid nitrogen had been added for rapid cooling, and his parents had witnessed the incident. The patient complained of sudden onset of severe abdominal pain and shortness of breath immediately after ingestion. There were no symptoms of dysphagia or sore throat. He had no remarkable medical or surgical history.

On examination, his blood pressure was 140/90 mm Hg, heart rate was 120 beats/min, body temperature was 37.2°C, respiratory rate was 20 breaths/min, and oxygen saturation at room air was 98%. He was not clinically intoxicated. There was no injury to the head, nose, or throat identified on examination, and the chest was clear to auscultation bilaterally. The abdomen was tense and severely distended with tenderness ([Fig. 1](#f1-ce-2017-178){ref-type="fig"}). An erect chest X-ray ([Fig. 2A](#f2-ce-2017-178){ref-type="fig"}) showed a large volume of pneumoperitoneum. A computed tomography scan of his abdomen confirmed the presence of a large volume of pneumoperitoneum, but the site of perforation could not be precisely located ([Fig. 2B](#f2-ce-2017-178){ref-type="fig"}). His white blood cell count was 21,400/μL, but the results for other blood count parameters were normal, as were the results for blood chemistry and electrolytes.

The patient was immediately taken to the operating room for an exploratory laparotomy, in which he was found to have a large amount of gas under tension. There were multiple erythemas along the lesser curvature of the stomach, but no sign of prominent peritonitis. The rest of the abdominal contents were normal. Following precise, repeated observation, we located air bubbles around the gastrohepatic ligament. After dividing the gastrohepatic ligament of the stomach, a 4-cm linear perforation was identified in the angularis incisura ([Fig. 3](#f3-ce-2017-178){ref-type="fig"}). A large amount of food was also found. There was no evidence of tissue necrosis or hemorrhage in the other parts of the stomach. Primary repair was performed in layers with omentopexy.

The patient was extubated and transferred to the intensive care unit for close observation. He was transferred to the general ward on the second postoperative day. Oral intake was started on the fourth postoperative day, and there were no immediate complications. There were no abnormal findings, such as esophageal injury or achalasia ([Fig. 4](#f4-ce-2017-178){ref-type="fig"}). The patient was discharged 8 days after the surgery. At a follow-up appointment after discharge, the patient was doing well without any symptoms.

DISCUSSION
==========

Nitrogen is an inert, odorless, and colorless gas in the air that does not react with other air molecules such as oxygen. It colorless liquid that can be obtained by compressing nitrogen gas to a certain pressure and then cooling it. It has many scientific, medical, and dietary uses as a coolant or freezing agent. Due to its extremely low boiling point (--196°C), liquid nitrogen rapidly evaporates when exposed to room temperature, freezing anything it comes into contact with and generating a white smoke \[[@b1-ce-2017-178],[@b2-ce-2017-178]\].

Accidents caused by liquid nitrogen have often been reported. Most of them have been related to external exposure and subsequent cold injury occurring in a laboratory setting \[[@b3-ce-2017-178]\]. There have been a few cases similar to the accident reported herein throughout the world. In all previous cases, the clinical presentation was almost the same as in our case: a rapid onset of abdominal pain accompanied by respiratory distress after ingestion. In addition, the site of perforation was confirmed to be over the lesser curvature of the stomach, as in our case. There was no damage to the gastrointestinal tract mucosa in most cases \[[@b1-ce-2017-178],[@b2-ce-2017-178]\].

This phenomenon can be explained by the mechanism of barotrauma. In other words, rapid expansion of the evaporating liquid nitrogen is the most significant cause of injury. Liquid nitrogen has a volume ratio of 1:694 (liquid:gas), which generates a large amount of gas even in small quantities. This volume expansion contributes to the rapid distension of any hollow viscus and ultimately causes perforation with a large volume of pneumoperitoneum \[[@b4-ce-2017-178],[@b5-ce-2017-178]\].

A pediatric emergency report documents why the perforation always occurs in the lesser curvature. Berrizbeitia et al. \[[@b1-ce-2017-178]\] described this phenomenon using Laplace's law: the larger the sphere radius, the larger the wall tension required to withstand a given internal pressure. The body of the stomach can distend freely, as compared with the fundus or antrum; therefore, it is the weakest point of the wall under tension. Moreover, the rupture tends to occur along the lesser curvature where the stomach is relatively fixed by the celiac trunk, the left gastric artery, and the gastroesophageal junction \[[@b1-ce-2017-178]\].

To the best of our knowledge, this is the first of such cases reported in Asia. In most other cases in different countries, a total gastrectomy or at least a feeding jejunostomy was performed \[[@b1-ce-2017-178],[@b4-ce-2017-178]\]. Although abdominal compartment syndrome was suspected and could not be approached using laparoscopy, this patient fortunately recovered without any problems after primary repair.

The snack that caused the incident was a cookie that emits "smoke" like a dragon. This interesting phenomenon is popular with young children, and they are able to buy the snack easily, without restriction. As seen in this case, it can be hazardous to accidentally ingest liquid nitrogen. Our 13-year-old patient was in critical condition and has been left with a 20-cm scar on his abdomen. Currently, the Food and Drug Administration is reviewing the safety standards for using liquid nitrogen in food.

In conclusion, the ingestion of liquid nitrogen can be fatal, as it may cause gastrointestinal injury. The primary cause of perforation is barotrauma. Immediate surgical intervention is critical to treat the pneumoperitoneum and locate the perforation site.
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![Massive pneumoperitoneum of the abdomen on (A) chest X-ray and (B) computed axial tomography scan.](ce-2017-178f2){#f2-ce-2017-178}

![A 4-cm perforation in the angularis incisura of the stomach was identified.](ce-2017-178f3){#f3-ce-2017-178}
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